Summary. -Murine gammaherpesvirus 68 (MHV-68) is a natural pathogen of murid rodents, which serve as hosts to Haemaphysalis concinna ticks. The occurrence of MHV-68 was investigated in a total of 47 H. concinna adult ticks collected on the vegetation in Gabčíkovo, situated in south-western Slovakia (47º54´0´´N, 17º35´0´´E), from May 2013 to May 2014. DNA from ticks was purified and screened by nested PCR targeting ORF50 of MHV-68 and the copy number of virus genome in ticks was determined by a real-time PCR assay specific for ORF65. The MHV-68 incidence in questing ticks was 38.3% (18/47) and the virus genome copy number per tick varied from 2x10 2 to 9.6x10 3 . In this study, MHV-68 was documented for the first time in H. concinna ticks. Results expand previous data describing the occurrence of MHV-68 in Ixodes ricinus and Dermacentor reticulatus ticks collected in Slovakia, supporting the hypothesis that MHV-68 might be a newfound pathogen in ticks.
As obligate blood-sucking ectoparasites of various terrestrial vertebrates, ticks are notorious for transmitting the widest variety of pathogens of any blood-sucking arthropod, causing numerous diseases in humans and animals. Ticks identified as pathogen vectors (less than 10%) belong to the genera Ixodes, Haemaphysalis, Hyalomma, Amblyomma, Dermacentor, Rhipicephalus, and Boophilus (1, 2) . Haemaphysalis concinna Koch (Acari:Ixodidae) is widely distributed in France, Germany, Poland, Hungary, Bohemia, Slovakia, Russia, Austria, in temperate Eurasia (3) as well as in China. H. concinna ticks have been found to transmit pathogens such as Coxiella burnetii, Borrelia genus spirochetes, Rickettsia and Babesia spp., Anaplasma phagocytophilum, Neoehrlichia mikurensis as well as Russian-spring encephalitis and Crimean-Congo hemorrhagic fever virus (4, 5, 6) . In some areas of Slovakia, H. concinna has been found to cooccur with I. ricinus and D. reticulatus ticks, which feed on small and medium sized mammals (7) . Rodents are known to play a role in the enzootic cycles of nonviral pathogens, such as Rickettsia spp., Ehrlichia spp., Francisella tularensis, Coxiella burnetii and viruses such as hantaviruses, Tick-born encephalitis virus and Lymphocytic choriomeningitis virus. Notably, Apodemus spp. mice and Myodes glareolus exhibit infections with numerous tick-born viruses from the ticks that infest them (8) .
During 2011-2014, we have reported the first data on MHV-68, originally isolated from bank voles (M. glareolus), as a potential pathogen in I. ricinus and D. reticulatus ticks, the most common free-living tick species in Slovakia (9) . A total of 1.8% of immature I. ricinus ticks infesting Lacerta viridis green lizards (10 of 649 nymphs and 5 of 150 larvae) have been identified as virus-positive by molecular methods (10) . Next, Kúdelová et al. (11) have shown MHV-68-positivity in about 23.3% (28/120) and 40% (125/312) of D. reticulatus adults collected in Gabčíkovo and Vojka nad Dunajom (47º58´35´´N, 17º22´50´´E), respectively. Thereto, an examination of the salivary glands, intestines and ovaries of D. reticulatus ticks identified live MHV-68, capable of replication in mammalian cells, in all organs (using an explantation/co-cultivation procedure), suggesting this virus is a potential arbovirus.
In this study, we used nested PCR method to examine a group of 47 adult H. concinna ticks collected over the vegetation in Gabčíkovo. DNA from ticks was isolated and screened for the presence of MHV-68 DNA by standard nested PCR targeting the ORF 50 gene of MHV-68 as previously described (11) . The sequences of forward and reverse primers amplifying a 382-bp long nested PCR product were: ORF50/F1: 5'-AACTGGAACTCTTCTGTGGC-3'; ORF50/ R1: 5'-GGCCGCAGACATTTAATGAC-3' and ORF50/ F2: 5'-CCCCAATGGTTCATAAGTGG-3'; ORF50/R2: 5'-ATCAGCACGCCATCAACATC-3'). DNA of MHV-68 BAC and DNA samples of known negative H. concinna tick served as a positive control and an additional negative control. All PCR work performed complied with generally known strict protocols to control cross-contamination, such as pipetting the template in a separated PCR box and room and using a PCR mixture without template as a negative control. The nested PCR products were resolved on a 1.5% agarose gel and samples yielding PCR products of the expected size were determined to be MHV-68 positive (Fig. 1,  lanes 2-4, 6-9, and 12-15) . The MHV-68 occurrence in questing H. concinna ticks was 38.3% (18/47). Amplicons of nine randomly chosen MHV-68-positive ticks were purified using the PCR Clean-up System (Promega) and sequenced on both strands using a commercial sequencing service (BITCET). Comparing of sequences amplified from viruspositive ticks with the corresponding sequence of MHV-68 ORF 50 revealed nearly 100% identity by the BLAST program (www.ncbi.nlm.nih.gov/blast). Then, the copy number of viral genomes was determined in samples of all 18 virus-positive H. concinna ticks by a real-time PCR assay specific for ORF65 of MHV-68 using Maxima® SYBR Green PCR Master kit (Lambda Life) and primers as previously described (12) . Our results showed that the copy number of MHV-68 per H. concinna ticks varied from 2x10 2 to 9.6x10 3 . H. concinna ticks, known as reservoir for many viral and non-viral pathogens, often feed on small murid rodents, from which MHV-68 was originally isolated. Due to the nature of MHV-68, its ability to cause lifelong latent infection in host B-lymphocytes and to reactivate from latent infections, MHV-68 can exist for a relatively long time in the blood of murid rodents (13) . In very early study, finding of neutralizing antibodies to murine herpesvirus in the serum of rodents, fallow deer (Damadama), wild boar (Sus scrofa), and red deer (Cervuselaphus) gave rise to a hypothesis that MHV-68 could be transmitted via ticks from rodents to other animals living in the same biotope (14) . In the first molecular study in rodents, an approximate 34.4% prevalence of MHV-68 was detected by PCR in blood of free bank voles (M. glareolus) and yellow-necked field mice (A. flavicollis) trapped in Slovakia (15) . In an early study on MHV-68 in adult ticks from Slovakia collected in Vojka nad Dunajom in autumn 2011 and spring 2012, about 9.7% (14/144) and 66.0% (111/168) of D. reticulatus ticks were found positive, respectively. Later on, about 23.3% incidence of MHV-68 (28/120) was detected in these ticks collected in Gabčíkovo in 2014 (11). Here, while examining H. conccinna ticks collected in the same locality in the time interval from 2013 to 2014, we confirmed virus presence in 18 out of 47 (40.4%) ticks.
In conclusion, our study expands previous finding of MHV-68 in I. ricinus nymphs and D. reticulatus adults, and Haemophysalis concinna represents the third tick species found to be infected with MHV-68. Taken together, MHV-68 could be detected in some tick species in South-western Slovakia each year and collection season from 2011 to 2014. These findings support the hypothesis that ticks could play a role in MHV-68 circulation in nature. They also might suggest that MHV-68 is the first among known gammaherpesviruses to be detected in ticks. The experimental evidence of virus transmission between ticks and hosts and vice versa, using appropriate experimental tick-host-virus model, is needed to take a position on the idea that MHV-68 might be a novel arbovirus.
